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Dual mode receiver and radio transmitter 





(57) A dual mode radio frequency receiver or trans- 
mitter capable of operating in a terrestria! mode in which 
signals are routed over a terrestrial network, and a sat- 
ellite mode in which signals are routed over a satellite 
network. The radio frequency receiver includes a terres- 
trial front-end RF stage which receives signals from a 



terrestrial network, a satellite front-end RF stage which 
receives signals from a satellite network, and a common 
RF stage which includes mixing circuitry for frequency 
down-converting the signals received from the front-end 
RF stages. 
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Description 



The present invention relates to a radio frequency 
receiver and a radio frequency transmitter. In particular 
the present invention relates to a radio frequency (RF) 
receiver or radio frequency (RF) transmitter suitable for 
incorporating in a radio telephone operable in both ter- 
restrial and satellite networks. 

Current mobile telephone systems are mainly pro- 
vided by ground based (terrestrial) cellular systems 
such as GSM (Global System for Mobiles), PDC 800 or 
AMPS (American Mobile Phone System). Other mobile 
telephone systems include the Inmarsat-M satellite sys- 
tem, in which subscribers use briefcase-sized mobile 
telephones to make calls via geo-stationary orbiting sat- 
ellites. 

Several new proposals for mobile satellite tele- 
phone systems are currently under development by 
major telecommunications companies. These global 
systems have been well publicised and are known com- 
mercially by the trade names ICO, IRIDIUM GLOBAL- 
STAR and ODYSSEY In parallel with the launch of 
these new mobile satellite systems, several terminal 
equipment manufacturers are developing handheld 
mobile units for use by subscribers of these systems. 
Some terminal equipment manufacturers are proposing 
developing dual-mode handsets which operate on both 
the ground based cellular systems and the new mobile 
satellite systems. 

WO 96/08883 discloses a dual mode telephone 
device which is operable on both satellite and land 
based cellular communication systems. The device 
includes one set of antenna and radio frequency circuits 
for receiving and transmitting signals in a satellite net- 
work, and another set of antenna and radio frequency 
circuits for receiving and transmitting in a terrestrial net- 
work. A dual mode frequency synthesiser provides for 
wide channel spacings when supplying the terrestrial 
radio frequency circuits and narrow channel spacings 
when supplying the satellite radio frequency circuits. 

According to a first aspect of the present invention 
there is provided a radio frequency receiver operable in 
a first mode and a second mode, the first mode being a 
terrestrial mode in which the receiver operates in a ter- 
restrial network, the second mode being a satellite 
mode in which the receiver operates in a satellite net- 
work, the radio frequency receiver comprising: a first 
front-end RF stage for receiving a terrestrial signal of 
the terrestrial network and providing a first output signal 
characteristic of the terrestrial signal, a second front- 
end RF stage for receiving a satellite signal of the satel- 
lite network and providing a second output signal char- 
acteristic of the satellite signal, and a common RF stage 
including an input for receiving either the first output sig- 
nal or the second output signal and including mixing cir- 
cuitry for frequency down-converting the first or second 
output signal to enable subsequent decoding. 

A dual mode receiver in accordance with the inven- 



tion provides an advantage that radio frequency (RF) 
circuitry used in receiving the terrestrial signal may also 
be used in receiving the satellite signal. Thus a receiver 
in accordance with the invention may operate with a 
s reduced component count when compared to existing 
dual mode receivers. A reduced component count may 
in turn reduce the cost of the receiver, and may also 
save space within the receiver. Furthermore, if the 
power consumption of the receiver is dependent on the 
io number of components then by reducing the component 
count the power consumption of the receiver may 
accordingly be reduced. 

The process of mixing is also referred to as fre- 
quency translation, frequency changing, or heterodyn- 
es ing. 

In one preferred embodiment the first output signal 
is at a lower frequency than the frequency of the terres- 
trial signal. Accordingly, the first front-end RF stage may 
comprise mixing circuitry. 
20 in another preferred embodiment the first output 
signal is at substantially the same frequency as the fre- 
quency of the terrestrial signal. In this case the first 
front-end RF stage may be a terrestrial antenna. 

Ideally the first output signal and the second output 
25 signal are at substantially the same frequency. This pro- 
vides an advantage that by being at the same frequency 
the first or the second output signals may be processed 
in the same manner by the common RF stage. For 
example, a bandpass filter which is used in the common 
so RF stage may have the same frequency response when 
receiving the first or the second output signals. Also, a 
mixer circuit used in the common RF stage may be sup- 
plied with a local oscillator signal with the same fre- 
quency when receiving the first or the second output 
35 signals. 

In a preferred embodiment the second output signal 
is at a lower frequency than the frequency of the satel- 
lite signal. Accordingly, the second front-end RF stage 
may comprise mixing circuitry. 
<o Preferably, the first front-end, the second front-end 
and/or the common RF stages include filtering means 
and amplifying means. The amplifying means may 
amplify the relatively weak satellite or terrestrial signal 
received from the satellite or terrestrial network. The fil- 
45 tering means may reject unwanted signals received 
from the satellite or terrestrial network or reject spurious 
signals produced inherently by the receiver circuitry 

In a preferred embodiment the mixing circuitry of 
the common RF stage frequency down-converts the 
so first or second output signal via an intermediate fre- 
quency. After performing the frequency down-conver- 
sion the mixing circuitry may provide the frequency 
down-converted first or second output signal to a base 
band circuit which performs the subsequent decoding. 
55 The common RF stage may include switching 
means for selectively receiving the first or second output 
signal. 

According to a second aspect of the present inven- 
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tion there is provided a radio frequency transmitter 
operable in a first mode and a second mode, the first 
mode being a terrestrial mode in which the transmitter 
operates in a terrestrial network, the second mode 
being a satellite mode in which the transmitter operates 5 
in a satellite network, the radio frequency transmitter 
comprising: a common RF stage including mixing cir- 
cuitry for frequency up-converting a modulation signal 
to an intermediate signal, and first and second outputs 
for providing the intermediate signal to a subsequent RF 10 
stage, a first terminal RF stage for receiving the inter- 
mediate signal from the first output and transmitting a 
terrestrial signal characteristic of the intermediate signal 
for reception by the terrestrial network, and a second 
terminal RF stage for receiving the intermediate signal 15 
from the second output and transmitting a satellite sig- 
nal characteristic of the intermediate signal for reception 
by the satellite network. 

A dual mode transmitter in accordance with the 
invention provides an advantage that radio frequency 20 
(RF) circuitry used in transmitting a modulation signal in 
the terrestrial network may also be used in transmitting 
a modulation signal in the satellite network. Thus a 
transmitter in accordance with the invention may oper- 
ate with a reduced component count when compared to 25 
existing dual mode transmitter solutions. A reduced 
component count may in turn reduce the cost of the 
transmitter and may also save space within the trans- 
mitter. Furthermore, if the power consumption of the 
transmitter is dependent on the number of components 30 
then by reducing the component count the power con- 
sumption of the transmitter may be accordingly 
reduced. 

In one preferred embodiment the terrestrial signal is 
at a higher frequency than the frequency of the interme- 35 
diate signal. Accordingly, the first terminal RF stage may 
comprise mixing circuitry. 

In another preferred embodiment the terrestVial sig- 
nal is at substantially the same frequency as the fre- 
quency of the intermediate signal. In this case the first 40 
terminal RF stage may be a terrestrial antenna. 

In a preferred embodiment the satellite signal is at a 
higher frequency than the frequency of the intermediate 
signal. Accordingly, the second terminal RF stage may 
comprise mixing circuitry. 45 

Preferably, the first terminal, the second terminal, 
and the common RF stages include filtering means and 
amplifying means. The amplifying means may help to 
amplify the relatively weak modulation signal to a suita- 
ble level for subsequent transmission on the terrestrial so 
or satellite network. The filtering means may help to 
reject unwanted signals present in the modulation sig- 
nal or reject spurious signals produced inherently by the 
transmitter circuitry. 

The common RF stage may include switching 55 
means for providing the frequency up-converted inter- 
mediate signal via the first output in the terrestrial mode 
or via the second output in the satellite mode. 



Preferably, the common RF stage receives the 
modulation signal from base band circuitry. 

In a preferred embodiment a receiver in accordance 
with the invention and a transmitter in accordance with 
the invention are combined to form a transceiver. Ide- 
ally, the receiver and the transmitter sections of the 
transceiver share the same terrestrial antenna and the 
same satellite antenna. 

Ideally, the transceiver is incorporated in a portable 
handheld radio telephone. 

Specific embodiments of the invention will now be 
described, by way of example only, with reference to the 
accompanying drawings, in which: 

Figure 1 shows a terrestrial mobile telecommunica- 
tions system; 

Figure 2 shows a satellite mobile telecommunica- 
tions system; 

Figure 3 shows a front view of a dual mode radio 
telephone; 

Figure 4 shows a block diagram of the main func- 
tional components of the radio telephone shown in 
Figure 3. 

Ftgure 5 shows a block diagram of a phase locked 
loop frequency synthesiser; 

Figure 6 shows a block diagram of a radio fre- 
quency transceiver according to a first embodiment 
of the invention; 

Figure 7 shows a block diagram of a radio fre- 
quency transceiver according to a second embodi- 
ment of the invention; 

Figure 8 shows a block diagram of a radio fre- 
quency transceiver according to a third embodi- 
ment of the invention; 

Figure 9 shows a block diagram of a radio fre- 
quency transceiver according to a fourth embodi- 
ment of the invention; 

Figure 10 shows a schematic representation of sat- 
ellite channels within the bandwidth of a 200 KHz 
intermediate frequency filter; 

Figure 11 is a table showing frequency values for 
the SHF and VHF synthesisers of Figure 8 when 
receiving an IRIDIUM signal; 

Figure 12 is a table showing frequency values for 
the SHF and VHF synthesisers of Figure 8 when 
transmitting an IRIDIUM signal; 
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Figure 13 is a table showing frequency values for 
the UHF and VHF synthesisers of Figure 9 when 
receiving an ICO signal; and 

Figure 14 is a table showing frequency values for s 
the UHF and VHF synthesisers of Figure 9 when 
transmitting an ICO signal. 

In the terrestrial cellular telephone system shown in 
Figure 1, mobile handsets 101 and 102 communicate 10 
with the base stations 103, transferring data and digi- 
tised voice signals in a two way radio communication 
link The base stations are linked together either directly 
or indirectly to form the cellular network, enabling tele- 
phone calls to be routed between handset 101 and is 
handset 102. The terrestrial cellular network may also 
be linked to a landline telephone network 104, enabling 
telephone calls to be made between handsets 101 and 
102 and landline telephones 106. 

In the satellite telephone system shown in Figure 2, 20 
mobile handsets 101 and 102 communicate with the 
orbiting satellites 201 and 202, transferring data and 
digitised voice signals in a two way radio communication 
link Data from several simultaneous calls is combined 
in a high bandwidth communication link between the 25 
satellites 201 and 202 and an Earth-bound satellite 
base station 203. In this way the satellites are indirectly 
linked together to form the satellite network In another 
satellite telephone system the satellites communicate 
directly with one another using a satellite-to-satellite so 
high bandwidth communication link Like the terrestrial 
cellular networks, the Earth-bound satellite base station 
203 may be linked to one or more landline telephone 
networks 104 and 105, enabling telephone calls to be 
made between handsets 101 and 102 and landline tele- 35 
phones 106. 

A dual mode handset for use in a terrestrial tele- 
phone system or a satellite telephone system is shown 
in Figure 3. Several buttons 302 enable various opera- 
tions to be performed, including accepting a call, termr- 40 
nating a call, dialling a number, storing a telephone 
number in an alphabetical index, and so on. An alpha- 
numeric liquid crystal display 303 provides an indication 
of the telephone's status, including such information as 
signal strength, remaining battery power, the number 45 
which has been dialled, and so on. A microphone 304 
converts sound pressure waves into an electrical sig- 
nals, and a loudspeaker 305 converts electrical signals 
into sound pressure waves. Antennas 306 and 307 radi- 
ate electromagnetic waves at transmission frequencies so 
during transmission, and during reception convert 
received electromagnetic waves at reception frequen- 
cies into electrical signals. In satellite mode the satellite 
antenna 307 is used to transmit and receive signals at 
frequencies used in satellite communication. In terres- 55 
trial mode the terrestrial antenna 306 is used to transmit 
and receive signals at frequencies used in terrestrial 
communication. 



The main functional components of the dual mode 
mobile telephone 301 are shown in Figure 4. The micro- 
phone 304 generates analogue electrical signals which 
are supplied to an analogue to digital converter 401. 
The analogue to digital converter 401 converts the ana- 
logue signals into a stream of binary numerical values 
representing instantaneous analogue voltages supplied 
by the microphone 304 at regular intervals. 

Binary electrical signals representing the micro- 
phone sound pressure are supplied to a digital signal 
processor 402, which performs several base band 
processing functions on the sound signal before it is 
used to modulate a radio frequency signal. The digital 
signal processor 402 supplies a modulation signal to a 
radio frequency circuit 403. When transmitting, the out- 
put from the radio frequency circuit 403 is suppfied to 
terrestrial antenna 306 or satellite antenna 307 depend- 
ing on the operational mode of the telephone. 

During reception, terrestrial antenna 306 or satellite 
antenna 307 supplies radio frequency signals to the 
radio frequency circuit 403. The radio frequency circuit 
supplies signals to the digital signal processor 402. for 
conversion into binary electrical samples representing 
sound. These binary electrical samples are supplied 
from the digital signal processor 402 to a digital to ana- 
logue converter 404, which converts these into an ana- 
logue voltage. The analogue voltage is supplied to the 
loudspeaker 305, for converting the analogue signal into 
sound. 

A microcontroller 405 is connected to the Iquid 
crystal display 303 and the buttons 302 shown in Ffcure 
3. It is also connected to the digital signal processor 
402, the radio frequency circuit 403, and other parts of 
the telephone circuit. Instructions executed by the 
microcontroller 405 co-ordinate circuit operations in 
response to user activation of the buttons 302, and sig- 
nals provided by the circuit, such as battery strength 
and signalling information extracted by the digital signal 
processor 402. 

In some systems the signal supplied by the cfgital 
signal processor 402 to the radio frequency circuit 403 
may be purely a modulation signal, in other words it has 
a zero centre frequency and does not affect the centre 
frequency of the channel on which the modulation sig- 
nal is to be transmitted. Similarly, the signal supplied by 
the radio frequency circuit 403 to the digital signal proc- 
essor 402 may be independent of the channel on which 
it has been received. In such a system, a radio fre- 
quency synthesiser in the radio frequency circuit is 
responsible for controlling the selection of channd fre- 
quencies. 

Referring now to Figure 5A there is shown a radio 
frequency phase locked loop synthesiser. A rado fre- 
quency oscillator 501 contains a tuned circuit, hawig a 
resonant frequency defined by a varicap diode 502 and 
an inductor 503. The oscillator 501 is typically of the 
type known as a Hartley or Colpitts oscillator and a sig- 
nal 504 is generated having a frequency F LO defined by 
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the resonant frequency of the tuned circuit. 

The oscillator output 504 is supplied to a divider 
505, which divides the oscillator frequency, F LO , by an 
integer value, n. The divided frequency is supplied to a 
first input of a phase detector 506. 

A reference oscillator 508 consists of a tempera- 
ture-compensated crystal oscillator, having a quartz 
crystal 509. This oscillates at a fixed known frequency, 
which is divided by a fixed factor in the fixed divider 507. 
The output from the fixed divider 507 is known as the 
reference frequency, F REF and is supplied to a second 
input of the phase detector 506. 

The phase detector generates an output voltage 
dependent on the difference in phase between its two 
inputs. This is supplied to a low pass loop filter 510, the 
output voltage 51 1 of which being dependent on the dif- 
ference in phase between the two signals supplied to 
the phase detector 506. The output 51 1 from the loop fil- 
ter 510 supplies a control voltage to the varicap diode 
502 in the oscillator 501 . The loop filter 510 generates a 
signal which pulls the phase and frequency F LO of the 
oscillator 501 to a value, which after division by n in the 
variable divider 505, is equal to the phase and fre- 
quency of F REF from the fixed divider 507. 

Thus a classic phase-locked loop is formed, with 
the frequency F LO of the oscillator 501 being controlled 
by the integer, n, used in divider 505, and the channel 
spacing between increments of n being defined by the 
value of F REF 

Unfortunately the programmable divider 505 cannot 
operate at input frequencies of greater than a few tens 
of megahertz, without raising cost and power consump- 
tion to unacceptable levels. A possible solution is to pre- 
divide the signal 504 by some fixed value using a fixed 
high speed divider This technique is known as prescal- 
ing. This creates an additional problem in that F REF 
must be divided by the same amount, since the channel 
spacing is now equal to F REF multiplied by the prescal- 
ing factor. 

The problem with the arrangement in Figure 5A is 
further explained in Figure 5B. Without extreme filtering, 
due to radio frequency feed-through, sidebands 521 
and 522 are imposed on the output 504 from oscillator 
501, which has a centre frequency 520. These side- 
bands will degrade or distort reception of the desired 
channel by adding unwanted modulation components. 
Furthermore, selectivity of adjacent reception channels 
will be reduced. A lower cut-off frequency could be used 
for the loop fitter 510, in order to reduce the amplitudes 
of the sidebands 521 and 522, but this would result in an 
increase in the loop settling time. Thus narrow channel 
spacing and fast settling time are contradictory require- 
ments. 

Mobile radio transmission is subject to variations in 
signal strength due to reflections from obstacles such 
as buildings, trees and cars. The same radio signal may 
be received from several reflecting surfaces, resulting in 
constructive and destructive interference. The conse- 



quent changes in signal amplitude are known as 
Rayleigh fading. At any given moment in time, it is pos- 
sible for some frequency channels to be rendered unus- 
able by destructive interference. 

5 The concept of frequency diversity is key to the 
solution of this and other interference problems in 
mobile radio systems. In the GSM, ICO and IRIDIUM 
specifications for digital cellular phones, frequency hop- 
ping is used, in which each reception or transmission 

10 burst may operate at a different frequency. Voice data is 
encoded in a redundant interleaved format, thus, if a 
particular frequency suffers interference, the missing 
data can be, at least partially, reconstructed from previ- 
ous and subsequent bursts without communication 

is being interrupted. 

The implementation of frequency hopping imposes 
certain requirements on the frequency synthesiser used 
for selecting the desired channels. The synthesiser 
must be capable of switching to new frequencies within 

20 time constraints set down by the particular network pro- 
tocol. The time taken for the synthesiser to settle to a 
new frequency is known as the settle time. 

The characteristics of the radio frequency phase 
locked loop are the determining factor for the settling 

25 time of a radio frequency synthesiser. Referring back to 
Figure 5 a problem with the phase locked loop is feed- 
through of the F REF signal from the fixed divider 507, 
through the phase detector 506, to the signal 51 1 sup- 
plied to the oscillator 501. An effect of this feed-through 

30 is instability in the phase locked loop. Removal of F REF 
from the output of the phase detector 506, and hence 
any instability in the phase locked loop, is performed by 
the loop fitter 510. However, as the loop filter 510 is a 
low pass filter its effect is to dampen changes or hops in 

35 the frequency F LO which occur as a result of changes in 
integer n. In general, the settle time of the phase locked 
loop is inversely proportional to the loop filter cut-off fre- 
quency, i.e. the lower the cut-off frequency of the low 
pass filter, the longer the settle time of the phase locked 

40 loop. Also, the settle time of the phase locked loop is, in 
general, proportional to the magnitude of the change in 
frequency F LO , i.e. the greater the change in frequency 
F LO » the longer the settle time of the phase locked loop. 
In the GSM recommendations, frequency hopping 

45 is performed on reception channels spaced 200 KHz 
apart and with a maximum frequency hop of 25 MHz. 
The GSM specification also requires that a receiver is 
capable of performing a single frequency hop within 0.8 
ms. This requires a radio frequency synthesiser to settle 

so to its new frequency in less than 0.8 ms. The GSM 
standard was developed with an awareness of the prac- 
tical difficulties associated with frequency hopping and 
the specification is sufficiently undemanding to allow 
known frequency synthesisers which achieve suffi- 

55 ciently short settle times to be used. 

In the proposed standards for satellite telephone 
systems, such as ICO, the switch times for fast fre- 
quency hopping have to be as short as 0.5 ms. In ICO 
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this is partly due to dynamic allocation of RX and TX 
slots. Such a switch time would be possible in known 
frequency synthesisers if the channel spacing was com- 
parable with the 200 KHz channel spacing found in 
GSM. Unfortunately, a particular constraint on the ICO 5 
satellite-based telephone system currently under devel- 
opment is the further requirement for a narrow channel 
spacing of 25 KHz, in order to make viable economic 
exploitation of the available bandwidth. Using the phase 
locked loop synthesiser of Figure 5, the value of F REF 10 
would have to be 25 KHz or less to enable the selection 
of all possible channels in the ICO satellite receive or 
transmit bands. Accordingly, to prevent the 25 KHz F REF 
signal destabilising the phase locked loop, a much lower 
cut-off frequency would have to be used in the loop filter 1S 
510 when compared to the cut-off frequency required in 
the GSM system. A result of this would be long settling 
times, which directly conflict with proposals for the ICO 
satellite system. Consequently, the phase locked loop 
synthesiser of Figure 5 would not be able to manage the 20 
fast frequency hops required by the proposed ICO sat- 
ellite system, particularly for frequency hops tending 
towards the maximum jump of 30 MHz in the ICO trans- 
mit and receive bands. 

Even for mobile telephone systems that do not 25 
insist on fast settling times, unnecessary lengthening of 
the settling times in the transceiver results in the fre- 
quency synthesisers being switched on for a longer 
period than is necessary. Therefore, any measures 
taken to reduce the settling time of the transceiver will 30 
help to save power in the transceiver as a result of the 
frequency synthesisers being switched off for longer. By 
saving power in the transceiver, talk times and standby 
times may advantageously be increased. 

The dual mode radio telephone of Figure 4, in par- 35 
ticular the radio frequency circuit 403^ will be described 
in more detail with reference to four embodiments illus- 
trated in Figures 6 to 9. 

The four specific embodiments of the invention 
described hereafter each include a front-end RF stage 40 
specifically for receiving satellite signals transmitted 
from an ICO or IRIDIUM network, and a front-end RF 
stage specifically for receiving terrestrial signals trans- 
mitted from a GSM network For transmission, the four 
embodiments each include a terminal RF stage specifi- 45 
cally for transmitting satellite signals suitable for recep- 
tion by an ICO or IRIDIUM network, and a terminal RF 
stage specifically for transmitting terrestrial signals suit- 
able for reception by a GSM network. In addition, the 
four embodiments each include two common RF so 
stages, one for reception and one transmission, which 
are used by the transceiver in both satellite mode and 
terrestrial mode. In other words, the common RF stage 
for reception is shared by the satellite and terrestrial 
receive paths, and the common RF stage for transmis- 55 
sion is shared by the satellite and terrestrial transmit 
paths. 

Figure 6 illustrates a first embodiment of the inven- 



tion designed for use in the terrestrial GSM system and 
the satellite IRIDIUM system. Referring to receive oper- 
ation of the radio frequency circuit in GSM mode, a ter- 
restrial antenna 306a of the GSM front-end RF stage 
receives a signal within the GSM reception band of 935 
to 960 MHz and supplies the received signal to a mixer 
601 via a GSM bandpass filter 602. By mixing the 
received signal with a local oscillator signal having a fre- 
quency in the frequency range 1006 to 1031 MHz, a 
desired channel in the received signal is converted to a 
first intermediate frequency of 71 MHz. The selection of 
frequencies for the local oscillator signal is controlled by 
the output of a UHF synthesiser 603 which, under the 
control of the microcontroller 405 (see Figure 4), pro- 
vides an output signal in the frequency range 1470 to 
1495 MHz in 200 KHz steps. The output signal of the 
UHF synthesiser is converted down to the frequency 
range 1006 to 1031 MHz by a mixer 604 in combination 
with a 464 MHz local oscillator signal. The 464 MHz sig- 
nal is provided by a multiplier 606 coupled to a VHF sig- 
nal generator 605 operating at 232 MHz. The resultant 
first intermediate frequency signal passes through a 
mode switch 607 which in GSM mode is switched to the 
GSM front-end RF stage as shown in Figure 6. A sec- 
ond mixer 608, supplied with a local oscillator signal of 
58 MHz, converts the first intermediate frequency signal 
down to a second intermediate frequency of 13 MHz. 
The 58 MHz signal is provided by a divider 609 fed with 
a 232 MHz signal from a VHF signal generator 605. The 
resultant second intermediate frequency signal is then 
fed into the base band section of the radio telephone for 
subsequent decoding. 

Referring to the transmit operation of the radio fre- 
quency circuit in GSM mode, a pure modulation signal, 
intended for transmission in the GSM transmission 
band, is supplied from the base band section to a mixer 
610. The modulation signal is mixed with a 116 MHz 
signal provided by a divider 61 1 coupled to the VHF sig- 
nal generator 605 operating at 232 MHz. The resultant 
intermediate frequency signal at 116 MHz passes 
through a mode switch 612, which in GSM mode is 
switched to the GSM terminal RF stage, and is fed into 
a second mixer 613. By mixing the intermediate fre- 
quency signal with a local oscillator signal having a fre- 
quency in the frequency range 1006 to 1031 MHz, the 
intermediate frequency signal is converted to a transmit 
channel frequency of the GSM transmission band. The 
selection of frequencies for the local oscillator signal is 
controlled by the output of the UHF synthesiser 603 
which, under the control of the microcontroller 405, pro- 
vides an output signal in the frequency range 1470 to 
1495 MHz in 200 KHz steps. The output signal of the 
UHF synthesiser 603 is converted down to the fre- 
quency range 1006 to 1031 MHz by the mixer 604 in 
combination with the 464 MHz local oscillator signal. 
Selection of a particular transmit channel in the GSM 
transmission band of 890 to 915 MHz is achieved by the 
microcontroller 405 selecting an appropriate frequency 
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for the output signal of the UHF synthesiser 603. The 
transmit signal output from the mixer 613 is supplied to 
the terrestrial antenna 306b via the GSM bandpass fitter 
614. 

Referring to the receive operation of the radio fre- 
quency circuit in IRIDIUM satellite mode, a satellite 
antenna 307a of the IRIDIUM front-end RF stage 
receives a signal within the IRIDIUM reception band of 
1616 to 1626 MHz and supplies the received signal to a 
mixer 616 via an IRIDIUM bandpass filter 615. By mix- 
ing the received signal with a local oscillator signal hav- 
ing a frequency in the frequency range 1545 to 1555 
MHz, a desired channel in the received signal is con- 
verted to a first intermediate frequency of 71 MHz. The 
selection of frequencies for the local oscillator signal is 
controlled by the output of a UHF synthesiser 603 
which, under the control of the microcontroller 405, pro- 
vides an output signal in the frequency range 1545 to 
1555 MHz in 4167 KHz steps. The resultant first inter- 
mediate frequency signal passes through the mode 
switch 607 which in IRIDIUM mode is switched to the 
IRIDIUM front-end RF stage as indicated by the dashed 
line in Figure 6. The mixer 608. supplied with the local 
oscillator signal of 58 MHz, converts the first intermedi- 
ate frequency signal down to a second intermediate fre- 
quency of 13 MHz. The resultant second intermediate 
frequency signal is then fed into the base band section 
of the radio telephone for subsequent decoding. 

Referring to the transmit operation of the radio fre- 
quency circuit in IRIDIUM mode, a pure modulation sig- 
nal, intended for transmission in the IRIDIUM 
transmission band, is supplied from the base band sec- 
tion to a mixer 610. The modulation signal is mixed with 
the 116 MHz signal. The resultant intermediate fre- 
quency signal at 116 MHz passes through the mode 
switch 612, which in IRIDIUM mode is switched to the 
IRIDIUM terminal RF stage, and is fed into a second 
mixer 617. By mixing the intermediate frequency signal 
with a local oscillator signal having a frequency in the 
range 1500 to 1510 MHz, the intermediate frequency 
signal is converted to a transmit channel frequency of 
the IRIDIUM transmission band. The selection of fre- 
quencies for the local oscillator signal is controlled by 
the output of the UHF synthesiser 603 which, under the 
control of the microcontroller 405, provides an output 
signal in the frequency range 1500 to 1510 MHz in 
41.67 KHz steps. Selection of a particular transmit 
channel in the IRIDIUM transmission band of 1616 to 
1626 MHz is therefore achieved by the microcontroller 
405 selecting an appropriate frequency for the output 
signal of the UHF synthesiser 603. The transmit signal 
output from the mixer 61 7 is supplied to the satellite 
antenna 307b via the IRIDIUM bandpass filter 618. 

Thus for the first embodiment shown in Figure 6 the 
front-end RF stage for receiving GSM terrestrial signals 
comprises the terrestrial antenna 306a, the GSM band- 
pass filter 602, and the mixer 601. Likewise, the front- 
end RF stage for receiving IRIDIUM satellite signals 



comprises the satellite antenna 307a, the IRIDIUM 
bandpass filter 615, and the mixer 616. The common 
RF stage for reception comprises the switch 607, for 
selectively receiving either the output of the mixer 601 

5 or the mixer 616, and the mixer 608. The common RF 
stage for transmission comprises the mixer 61 0, and the 
switch 61 2, for providing the intermediate frequency sig- 
nal to either the terrestrial or the satellite terminal RF 
stage. The terminal RF stage for transmitting GSM ter- 

w restrial signals comprises the mixer 613, the GSM 
bandpass filter 614, and the terrestrial antenna 306b. 
The terminal RF stage for transmitting IRIDIUM satellite 
signals comprises the mixer 617, the IRIDIUM band- 
pass filter 618, and the satellite antenna 307b. 

J5 Figure 7 illustrates a second embodiment of the 
invention designed for use in the terrestrial GSM system 
and the satellite ICO system. Referring to receive oper- 
ation of the radio frequency circuit in GSM mode, a ter- 
restrial antenna 306a of the GSM front-end RF stage 

20 receives a signal within the GSM reception band of 935 
MHz to 960 MHz. The received signal then continues 
via a mode switch 707 and a GSM bandpass filter 702 
onto a mixer 701. By mixing the received signal with a 
local oscillator signal having a frequency in the fre- 

25 quency range 1006 to 1031 MHz, a desired channel in 
the received signal is converted to a first intermediate 
frequency of 71 MHz. The selection of frequencies for 
the local oscillator signal is controlled by the output of a 
UHF synthesiser 703 which, under the control of the 

30 microcontroller 405, provides an output signal in the fre- 
quency range 1006 to 1031 MHz in 200 KHz steps. A 
second mixer 708, supplied with a local oscillator signal 
of 58 MHz. converts the first intermediate frequency sig- 
nal down to a second intermediate frequency of 13 

35 MHz. The 58 MHz signal is provided by a divider 709 fed 
with a 232 MHz signal from a VHF signal generator 705. 
The resultant second intermediate frequency signal is 
then fed into the base band section of the radio tele- 
phone for subsequent decoding. 

40 Referring to the transmit operation of the radio fre- 
quency circuit in GSM mode, a pure modulation signal, 
intended for transmission in the GSM transmission 
band, is supplied from the base band section to a mixer 
710. The modulation signal is mixed with a 116 MHz 

45 signal provided by a divider 71 1 coupled to the VHF sig- 
nal generator 705 operating at 232 MHz. The resultant 
intermediate frequency signal at 116 MHz is fed into a 
second mixer 713. By mixing the intermediate fre- 
quency signal with a local oscillator signal having a fre- 

so quency in the frequency range 1006 to 1031 MHz, the 
signal is converted to a transmit channel frequency of 
the GSM transmission band. The selection of frequen- 
cies for the local oscillator signal is controlled by the out- 
put of the UHF synthesiser 703 which, under the control 

55 of the microcontroller 405, provides an output signal in 
the frequency range 1006 to 1031 MHz in 200 KHz 
steps. Selection of a particular transmit channel in the 
GSM transmission band of 890 to 915 MHz is therefore 
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achieved by the microcontroller selecting an appropriate 
frequency for the output signal of the UHF synthesiser. 
The transmit signal output from the mixer 713 continues 
via a GSM bandpass filter 714 and a mode switch 712 
onto the terrestrial antenna 306b. 5 

Referring to the receive operation of the radio fre- 
quency circuit in ICO satellite mode, a satellite antenna 
307a of the ICO front-end RF stage receives a signal 
within the ICO reception band of 21 70 to 2200 MHz and 
supplies the received signal to a mixer 716 via an ICO w 
bandpass filter 715. By mixing the received signal with a 
local oscillator signal having an appropriate frequency a 
desired channel in the received signal is converted to a 
first intermediate frequency of 940 MHz. The local oscil- 
lator signal is produced by the output of a SHF synthe- is 
siser 71 9 which, under the control of the microcontroller 
405, provides an output signal in the frequency range 
1230 to 1260 MHz in 25 KHz steps. The resultant first 
intermediate frequency signal passes through the mode 
switch 707 which in ICO mode is switched to the ICO 20 
front-end RF stage as indicated by the dashed line in 
Figure 7. After passing through the GSM band filter 702 
the received ICO signal is fed into the mixer 701. The 
mixer 701, supplied with a constant local oscillator sig- 
nal of 1011 MHz from the UHF synthesiser 703, con- 25 
verts the first intermediate frequency signal down to a 
second intermediate frequency of 71 MHz. A third mixer 
708 supplied with a 58 MHz local oscillator signal con- 
verts the second intermediate frequency signal down to 
a third intermediate frequency of 13 MHz. The resultant 30 
third intermediate frequency signal is then fed into the 
base band section of the radio telephone for subse- 
quent decoding. 

Referring to the transmit operation of the radio fre- 
quency circuit in ICO mode, a pure modulation signal, 35 
intended for transmission in the ICO transmission band, 
is supplied from the base band section to a mixer 71 0. 
The modulation signal is mixed with the 1 1 6 MHz signal. 
The resultant intermediate frequency signal at 1 16 MHz 
is supplied to a second mixer 713 which in combination 40 
with a 101 1 MHz signal from the UHF synthesiser pro- 
duces a second intermediate frequency signal at 895 
MHz, The second intermediate frequency signal contin- 
ues via GSM bandpass filter 714 and a mode switch 
712, which in ICO mode is switched to the ICO terminal 45 
RF stage, and is fed into a second mixer 71 7. By mixing 
the second intermediate frequency signal with a local 
oscillator signal having a frequency in the range 1085 to 
1115 MHz, the intermediate frequency signal is con- 
verted to a transmit channel frequency of the ICO trans- so 
mission band. The selection of frequencies for the local 
oscillator signal is controlled by the output of the SHF 
synthesiser 719 which, under the control of a microcon- 
troller, provides an output signal in the frequency range 
1230 to 1260 MHz in 25 KHz steps. Using a 145 MHz 55 
local oscillator signal from signal generator 720, mixer 
unit 721 converts the output of the SHF synthesiser 71 9 
to the frequency range 1 085 to 1 1 1 5 MHz. The transmit 



signal output from the mixer 71 7 is supplied to the satel- 
lite antenna 307b via an ICO bandpass filter 718. 

Thus for the second embodiment shown in figure 7 
the front-end RF stage for receiving GSM terrestrial sig- 
nals comprises the terrestrial antenna 306a. The front- 
end RF stage for receiving ICO satellite signals com- 
prises the satellite antenna 307a, the ICO bandpass fil- 
ter 715, and the mixer 716. The common RF stage for 
reception comprises the switch 707, for selectively 
receiving either the output of the terrestrial antenna 
306a or the mixer 716, the GSM bandpass filter 702, 
and the mixers 701 and 708. The common RF stage for 
transmission comprises the mixers 710 and 713, the 
GSM bandpass filter 714, and the switch 712, for provid- 
ing the intermediate frequency signal to either the ter- 
restrial or the satellite terminal RF stage. The terminal 
RF stage for transmitting GSM terrestrial signals com- 
prises the terrestrial antenna 306b. The terminal RF 
stage for transmitting ICO satellite signals comprises 
the mixer 71 7, the ICO bandpass filter 718, and the sat- 
ellite antenna 307b. 

As discussed previously with reference to Figure 5, 
the standard type of phase locked loop synthesiser is 
not able to provide both fast frequency hopping and nar- 
row channel spacings. This is a particular problem for 
the proposed ICO satellite network and may also prove 
a problem in other proposed satellite networks such as 
IRIDIUM, GLOBALSTAR and ODYSSEY Therefore, in 
order to overcome the drawbacks of the standard phase 
locked loop the UHF frequency synthesiser 603 and the 
SHF frequency synthesiser 719 comprise an improved 
phase locked loop known as a fractional n phase locked 
loop. In contrast to the standard phase locked loop 
where the divider 505 divides the signal F LO by an inte- 
ger n. the fractional n phase locked loop is able to divide 
the signal at the same divider stage by any real positive 
number. The fractional n phase locked loop is thus able 
to provide channel spacings determined by the product 
of the F REF frequency and the fractional increments of 
n. The channel spacings are no longer decided purely 
by the frequency of F REB and hence an improved set- 
tling time for the ICO or IRIDIUM systems may be real- 
ised by selecting an appropriate frequency for F REF in 
the UHF synthesiser 603 or in the SHF synthesiser 719. 
The resolution of n is then determined according to the 
frequency of F REF and the channel spacings in the 
IRIDIUM or ICO systems. 

The power consumption of a transceiver is depend- 
ent on the operational time of the transceiver circuitry. 
Long settling times result in increased operational time 
of the transceiver circuitry and hence increased power 
consumption. Therefore, by decrease the settling times 
of the transceiver the fractional n synthesiser may pro- 
vide the added benefit of decreased power consump- 
tion in the IRIDIUM or ICO transceiver. 

The UHF synthesiser 603 and the SHF synthesiser 
719 includes a fractional n phase locked loop in which 
the frequency of the F REF signal is 200 KHz. At this fre- 
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quency the loop filter cut off is sufficiently high to enable 
frequency hopping to occur within the 0.5 ms required 
by the ICO specifications even for the largest hop of 30 
MHz in the ICO receive and transmit bands. By varying 
the value of n with a resolution of 1/8, the UHF synthe- 5 
siser 719 is able to jump in suitable frequency incre- 
ments of 25 KHz required during the reception or 
transmission of ICO signals. By varying the value of n 
with a resolution of 1/24, the SHF synthesiser 603 is 
able to jump in suitable frequency increments of 41.67 10 
KHz required during the reception or transmission of 
IRIDIUM signals 

The GSM, IRIDIUM and ICO transmit and receive 
paths, which correspond to the respective transmit and 
receive operations of the radio frequency circuits of Fig- 15 
ures 6 and 7, may be provided with signal amplification 
stages and intermediate frequency bandpass filter 
stages for improving the transmit and receive signals. 
For example, the received GSM signal in Figure 6 and 7 
may be amplified after passing through the GSM band- 20 
pass filter 602 or 702 prior to supplying the mixing unit 
601 or 701. Similarly, the transmit GSM signal may be 
amplified after the mixing unit 613 or 713 prior to being 
transmitted by the terrestrial antenna 306b. Also, the 
received IRIDIUM and ICO signal in Figure 6 and Figure 25 
7 may be amplified after passing through the IRIDIUM 
bandpass filter 615 or ICO bandpass filter 715 prior to 
supplying the mixing unit 61 6 or 71 6. Similarly the trans- 
mit IRIDIUM or ICO signal may be amplified after the 
mixing unit 617 or 717 prior to being transmitted by the 30 
satellite antenna 307b. 

Intermediate frequency bandpass filters may be 
provided at the 71 MHz and 13 MHz intermediate fre- 
quency stages during reception, and at the 116 MHz 
intermediate frequency stage during transmission to 35 
provide added selectivity and to reject interference from 
adjacent channels. These intermediate frequency 
bandpass filters may have a bandwidth of 200 KHz, 
equal to the channel bandwidth in the GSM system. In 
this way the intermediate frequency bandpass filters 40 
can provide single channel selectivity for the GSM sig- 
nals, having a channel bandwidth of 200 KHz, and still 
permit the passage of IRIDIUM and ICO signals, having 
a channel bandwidth of 41.67 and 25 KHz respectively. 
The operation of the intermediate frequency bandpass 45 
filter in relation to the ICO satellite channels is illustrated 
schematically in Figure 10. The dotted line shows the 
bandpass filter centred on the intermediate frequency F 
and having a total bandwidth of 200 KHz. The desired 
ICO satellite channel is shown as a solid line centred on so 
the intermediate frequency F and having a total channel 
bandwidth of 25 KHz. Six other neighbouring satellite 
channels are shown at the positions -3. -2, -1 , + 1 , + 2, 
and + 3. All seven of the satellite channels shown in Fig- 
ure 10 can proceed through the intermediate frequency 55 
bandpass filter. Therefore, during reception further dig- 
ital filtering of the received IRIDIUM and ICO signals 
may be performed in base band to achieve added selec- 
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tivity of the desired satellite channel not provided for by 
the 200 KHz intermediate frequency bandpass filters. 

Figure 8 illustrates a third embodiment of the inven- 
tion designed for use in the terrestrial GSM system and 
the satellite IRIDIUM system. Referring to receive oper- 
ation of the radio frequency circuit in GSM mode, a ter- 
restrial antenna 306a of the GSM front-end RF stage 
receives a signal within the GSM reception band of 935 
MHz to 960 MHz and supplies the received signal to a 
mixer 801 via a GSM bandpass filter 802. By mixing the 
received signal with a local oscillator signal having a fre- 
quency in the frequency range 1006 to .1031 MHz, a 
desired channel in the received signal is converted to a 
first intermediate frequency of 71 MHz. The selection of 
frequencies for the local oscillator signal is controlled by 
the output F LO of a UHF synthesiser 803 which, under 
the control of a microcontroller, provides an output sig- 
nal in the frequency range 1006 to 1031 MHz in 200 
KHz steps. The resultant first intermediate frequency 
signal passes through a mode switch 807 which in GSM 
mode is switched to the GSM front-end RF stage as 
shown in Figure 8. A second mixer 808. supplied with a 
local oscillator signal of 58 MHz, converts the first inter- 
mediate frequency signal down to a second intermedi- 
ate frequency of 13 MHz. The 58 MHz signal is provided 
by ^divider 809 fed with a 232 MHz signal from a VHF 
synthesiser 805. The resultant second intermediate fre- 
quency signal is then fed into the base band section of 
the radio telephone for subsequent decoding. 

Referring to the transmit operation of the radio fre- 
quency circuit in GSM mode, a pure modulation signal, 
intended for transmission in the GSM transmission 
band, is supplied from the base band section to a mixer 
810. The modulation signal is mixed with a 116 MHz 
signal provided by a divider 81 1 coupled to the VHF sig- 
nal generator 805 operating at 232 MHz. The resultant 
intermediate frequency signal at 116 MHz passes 
through a mode switch 812, which in GSM mode is 
switched to the GSM terminal RF stage, and is fed into 
a second mixer 813. By mixing the intermediate fre- 
quency signal with a local oscillator signal having a fre- 
quency in the frequency range 1006 to 1031 MHz, the 
intermediate frequency signal is converted to a transmit 
channel frequency of the GSM transmission band. The 
selection of frequencies for the local oscillator signal is 
controlled by the output of the UHF synthesiser 803 
which, under the control of a microcontroller, provides 
an output signal in the frequency range 1006 to 1031 
MHz in 200 KHz steps. Selection of a particular transmit 
channel in the GSM transmission band of 890 to 915 
MHz is therefore achieved by the microcontroller select- 
ing an appropriate frequency for the output signal of the 
UHF synthesiser 803. The output of the mixer 813 is 
supplied to the terrestrial antenna 306b via the GSM 
bandpass filter 814. 

Referring to the receive operation of the radio fre- 
quency circuit in IRIDIUM satellite mode, a satellite 
antenna 307a of the IRIDIUM front-end RF stage 
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receives a signal within the IRIDIUM reception band of 
1 61 6 to 1 626 MHz and supplies the received signal to a 
mixer 816 via an IRIDIUM bandpass filter 815. By mix- 
ing the received signal with a local oscillator signal hav- 
ing a frequency in the frequency range 1545 to 1555 
MHz, a desired channel in the intermediate frequency 
signal is converted to a first intermediate frequency in 
the range 70.5 to 71.5 MHz. The selection of frequen- 
cies for the local oscillator signal is controlled by the out- 
put F LO of a SHF synthesiser 819 which, under the 
control of a microcontroller, provides an output signal in 
the frequency range 1545 to 1555 MHz in 1000 KHz 
steps. The resultant first intermediate frequency signal 
passes through the mode switch 807 which in IRIDIUM 
mode is switched to the IRIDIUM front-end RF stage as 
indicated by the dashed line in Figure 8. A second mixer 
808. supplied with an appropriate local oscillator signal 
in the range 57.5 to 58.5 MHz. converts the first inter- 
mediate frequency signal in the range 70.5 to 71.5 MHz 
down to a second intermediate frequency of 13 MHz. 
The VHF synthesiser 805 provides a tuning local oscil- 
lator signal in the range 230.0 to 234.0 in 166.67 KHz 
steps which when coupled to the divider 809 provides a 
tuning local oscillator signal in the range 57.5 to 58.5 
MHz in 41.67 KHz steps. The resultant 13 MHz second 
intermediate frequency signal is then fed into the base 
band section of the radio telephone for subsequent 
decoding. 

Referring to the transmit operation of the radio fre- 
quency circuit in IRIDIUM mode, a pure modulation sig- 
nal, intended for transmission in the IRIDIUM 
transmission band, is supplied from the base band sec- 
tion to a mixer 810. The modulation signal is mixed with 
a tuning local oscillator signal in the range 115.5 to 
116.5 MHz in 41.67 KHz steps provided by a divider 
coupled to the VHF signal generator 805 operating in 
the range 231.0 to 233.0 in 83.33 KHz steps via a 
divider 81 1 to the mixer 810. The resultant intermediate 
frequency signal in the range 115.5 to 116.5 MHz 
passes through a mode switch 812, which in IRIDIUM 
mode is switched to the IRIDIUM terminal RF stage, 
and is fed into a second mixer 815. By mixing the inter- 
mediate frequency signal with a tuning local oscillator 
signal having a frequency in the range 1500 to 1510 
MHz, the intermediate frequency signal is converted to 
a transmit channel frequency of the IRIDIUM transmis- 
sion band. The selection of frequencies for the local 
oscillator signal is controlled by the output F LO of the 
SHF synthesiser 819 which, under the control of a 
microcontroller, provides an output signal in the fre- 
quency range 1500 to 1510 MHz in 1000 KHz steps. 
Selection of a particular transmit channel in the IRID- 
IUM transmission band of 1616 to 1626 MHz is there- 
fore achieved by the microcontroller selecting an 
appropriate frequencies for the SHF and VHF synthe- 
sisers. The transmit signal output from the mixer 81 7 is 
supplied to the satellite antenna 307b via the IRIDIUM 
bandpass filter 8 18. 



Thus for the third embodiment shown in Figure 8 
the front-end RF stages, the terminal RF stages, and 
the common RF stages are equivalent to those shown 
in Figure 6. 

s The problem of achieving fast frequency hopping 

and fine channel resolution is solved in the third embod- 
iment by using more than one tuneable synthesiser to 
receive and transmit the satellite signals. 

In the third embodiment the SHF synthesiser 819 
10 provides coarse tuning across the IRIDIUM transmit 
and receive bands and includes a standard phase 
locked loop in which a 200 KHz F REF signal is supplied 
to the phase detector 506. With the F REF signal operat- 
ing at 200 KHz, the loop filter cut-off is high, resulting in 
is a decrease in the settling time of the synthesiser which 
in turn can save power in the transceiver. In contrast, 
the VHF synthesiser 805 provides fine tuning across a 
relatively narrow range to achieve the precise channel 
selection required during the reception or transmission 
20 of IRIDIUM signals. 

Figure 1 1 presents suitable values for the SHF syn- 
thesiser 819 and VHF synthesiser 805 when receiving 
IRIDIUM satellite signals from channels 8 to 23. Simi- 
larly, Figure 12 presents suitable values for the SHF 
25 synthesiser 819 and VHF synthesiser 805 in Figure 8 
when transmitting IRIDIUM satellite signals from chan- 
nels 8 to 23. The SHF synthesiser 819 varies across the 
full 10 MHz bandwidth associated with the IRIDIUM 
transmit and receive bands, whereas the VHF synthe- 
30 siser 805 varies across a relatively narrower frequency 
range centred around 232 MHz. As such, the VHF syn- 
thesiser 805 tunes in finer steps of 166.67 KHz during 
reception and 83.33 KHz during transmission and 
because the maximum frequency jump of the VHF syn- 
35 thesiser when hopping between channels is relatively 
small, the VHF synthesiser does not significantly 
increase the settling time of the transmitter or receiver. 

The GSM and IRIDIUM transmit and receive paths, 
which correspond to the respective transmit and receive 
40 operations of the radio frequency circuit of Figures 8, 
may be provided with signal amplification stages and an 
intermediate frequency bandpass filter stage for improv- 
ing the respective transmit or receive signals. For exam- 
ple, the received GSM signal in Figure 8 may be 
45 amplified after passing through the GSM bandpass fil- 
ters 802 prior to supplying the mixing unit 801 . Similarly, 
the transmit GSM signal may be amplified after the mix- 
ing unit 813 prior to being transmitted by the terrestrial 
antenna 306b. Also, the received IRIDIUM signal in Fig- 
so ure 8 may be amplified after passing through the IRID- 
IUM bandpass filter 815 prior to supplying the mixing 
unit 816. Similarly the transmit IRIDIUM signal may be 
amplified after the mixing unit 817 prior to being trans- 
mitted by the satellite antenna 307b. 
55 An intermediate frequency bandpass filter may be 
provided at the 13 MHz intermediate frequency stage 
during reception to provide added selectivity and to 
reject interference from adjacent channels. This inter- 
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mediate frequency bandpass filter may have a band- 
width of 200 KHz, equal to the channel bandwidth in the 
GSIM system. In this way the intermediate frequency 
bandpass filter can provide the single channel selectiv- 
ity for the GSM signals having a channel bandwidth of 
200 KHz and stitl permit the passage of IRIDIUM sig- 
nals having a channel bandwidth of 41.67 KHz. 

Figure 9 illustrates a fourth embodiment of the 
invention designed for use in the terrestrial GSM system 
and the satellite ICO system. Referring to receive oper- 
ation of the radio frequency circuit in GSM mode, a ter- 
restrial antenna 306a of the GSM front-end RF stage 
receives a signal within the GSM reception band of 935 
MHz to 960 MHz. The received signal then continues 
via a mode switch 907 and a GSM bandpass filter 902 
onto a mixer 901. By mixing the received signal with a 
local oscillator signal having a frequency in the fre- 
quency range 1006 to 1031 MHz, a desired channel in 
the received signal is converted to a first intermediate 
frequency of 71 MHz. A mixer 920, supplied with a fixed 
232 MHz signal from the VHF synthesiser 905 and a 
variable frequency signal from the UHF synthesiser 
903, provides the local oscillator signal. The selection of 
frequencies for the local oscillator signal is controlled by 
the output of a UHF synthesiser 903 which, under the 
control of a microcontroller, provides an output signal in 
the frequency range 1238.0 to 1263.0 MHz in 200 KHz 
steps. A second mixer 908, supplied with a local oscilla- 
tor signal of 58 MHz, converts the first intermediate fre- 
quency signal down to a second intermediate frequency 
of 13 MHz. The 58 MHz signal is provided by a divider 
909 fed with a 232 MHz signal from a VHF signal gener- 
ator 905. The resultant second intermediate frequency 
signal is then fed into the base band section of the radio 
telephone for subsequent decoding. 

Referring to the transmit operation of the radio fre- 
quency circuit in GSM mode, a pure modulation signal, 
intended for transmission in the GSM transmission 
band, is supplied from the base band section to a mixer 
910. The modulation signal is mixed with a 116 MHz 
signal provided by a divider 91 1 coupled to the VHF sig- 
nal generator 905 operating at 232 MHz. The resultant 
intermediate frequency signal at 116 MHz is fed into a 
second mixer 913. By mixing the intermediate fre- 
quency signal with a local oscillator signal having a fre- 
quency in the frequency range 1006 to 1031 MHz, the 
signal is converted to a transmit channel frequency of 
the GSM transmission band. A mixer 920, supplied with 
a fixed 232 MHz signal from the VHF synthesiser 905 
and a variable frequency signal from the UHF synthe- 
siser 903, provides the local oscillator signal. The selec- 
tion of frequencies for the local oscillator signal is 
controlled by the output of the UHF synthesiser 903 
which, under the control of the microcontroller 405, pro- 
vides an output signal in the frequency range 1 238.0 to 
1263.0 MHz in 200 KHz steps. Selection of a particular 
transmit channel in the GSM transmission band of 890 
to 915 MHz is therefore achieved by the microcontroller 



selecting an appropriate frequency for the output signal 
of the UHF synthesiser 903. The transmit signal output 
from the mixer 913 continues via a GSM bandpass filter 
914 and a mode switch 912 onto the terrestrial antenna 
5 306b. 

Referring to the receive operation of the radio fre- 
quency circuit in ICO satellite mode, a satellite antenna 
307a of the ICO front-end RF stage receives a signal 
within the ICO reception band of 21 70 to 2200 MHz and 

10 supplies the received signal to a mixer 916 via an ICO 
bandpass filter 915. By mixing the received signal with a 
local oscillator signal having an appropriate frequency a 
desired channel in the received signal is converted to a 
first intermediate frequency in the range 933.4 to 948.6 

is MHz. The local oscillator signal is produced by the out- 
put Flo of the UHF synthesiser 903 which, under the 
control of a microcontroller, provides an output signal in 
the frequency range 1236.6 to 1251.6 MHz in 200 KHz 
steps. The resultant first intermediate frequency signal 

20 passes through the mode switch 907 which in ICO 
mode is switched to the ICO front-end RF stage as indi- 
cated by the dashed line in Figure 9. After passing 
through the GSM band filter 902 the received ICO signal 
is fed into the mixer 901 . The mixer 901 , supplied with a 

25 constant local oscillator signal of 1011 MHz from the 
UHF synthesiser 903 and the VHF synthesiser 905, 
converts the first intermediate frequency signal down to 
a second intermediate frequency of 71 MHz. A third 
mixer 908 supplied with a 58 MHz local oscillator signal 

30 converts the second intermediate frequency signal 
down to a third intermediate frequency of 13 MHz. The 
resultant third intermediate frequency signal is then fed 
into the base band section of the radio telephone for 
subsequent decoding. 

35 Referring to the transmit operation of the radio fre- 
quency circuit in ICO mode, a pure modulation signal, 
intended for transmission in the ICO transmission band, 
is supplied from the base band section to a mixer 910. 
The modulation signal is mixed with a 116 MHz signal 

40 provided by a divider 911 coupled to the VHF signal 
generator 905 operating at 232 MHz. The resultant 
intermediate frequency signal at 1 16 MHz is supplied to 
a second mixer 913 which in combination with a 1011 
MHz signal from the UHF synthesiser produces a sec- 

45 ond intermediate frequency signal at 895 MHz. The 
second intermediate frequency signal continues via the 
GSM bandpass filter 91 4 and a mode switch 91 2, which 
in ICO mode is switched to the ICO terminal RF stage, 
and is fed into a second mixer 917. By mixing the sec- 
50 ond intermediate frequency signal with a local oscillator 
signal having a frequency of 1090 MHz, the intermedi- 
ate signal is converted to a transmit channel frequency 
of the ICO transmission band. The transmit signal out- 
put from the mixer 917 is supplied to the satellite 

55 antenna 307b via the ICO bandpass filter 918. 

Thus for the fourth embodiment shown in Figure 9 
the front-end RF stages, the terminal RF stages, and 
the common RF stages are equivalent to those shown 
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in Figure 7. 

The problem of achieving fast frequency hopping 
and fine channel resolution is solved in the fourth 
embodiment by using more than one tuneable synthe- 
siser to receive and transmit the satellite signals. 

In the fourth embodiment the UHF synthesiser 903 
provides coarse tuning across the ICO transmit and 
receive bands and includes a standard phase locked 
loop in which a 200 KHz F REF signal is supplied to the 
phase detector 506. With the F REF signal operating at 
200 KHz, the loop filter cut-off is sufficiently high to ena- 
ble frequency hopping to occur within the 0.5 ms 
required by the ICO specifications even for the largest 
frequency hop of 30 MHz in the ICO receive and trans- 
mit bands. In contrast, the VHF synthesiser 905 pro- 
vides fine tuning across a relatively narrow range to 
achieve finer channel selection for the reception or 
transmission of ICO signals. During reception, the 
coarse and fine tuning of the UHF and VHF synthesis- 
ers provides the desired satellite signal in one of five 
reception channels at the base band stage. The five 
reception channels are adjacent to one another and cor- 
respond to the satellite channels with the labels -2, -1 , 0, 
+ 1, and + 2 in Figure 10. By incorporating additional 
digital tuning in base band, selectivity of the desired sat- 
ellite channel from the five possible reception channels 
is achieved. Digital base band tuning of this kind is 
described in the applicant's co-pending UK application 
GB 9605240.2, a copy of which is enclosed herewith in 
annex A. 

Figure 13 presents suitable values for the UHF syn- 
thesiser 903 and VHF synthesiser 905 when receiving 
ICO satellite signals from channels 8 to 23. Similarly, 
Figure 14 presents suitable values for the UHF synthe^ 
siser 903 and VHF synthesiser 905 in Figure 9 when 
transmitting ICO satellite signals from channels 8 to 23. 
The UHF synthesiser 903 varies across the full 30 MHz 
bandwidth associated with the ICO transmit and receive 
bands, whereas the VHF synthesiser 905 varies across 
a relatively narrower frequency range centred around 
232 MHz. As such, the VHF synthesiser 905 can tune in 
f iner steps of 100 KHz during transmission and recep- 
tion because the maximum frequency jump of the VHF 
synthesiser when hopping between channels is not 
large enough to significantly effect the total settling time 
of the transmitter or receiver. The column labelled SLOT 
in Figure 13 indicates which of the satellite channels 
shown in Figure 10 the desired satellite signals is 
located when it is fed to base band. The column labelled 
SLOT in Figure 14 indicates the base band frequency 
offset required for mixing with the modulation signal in 
the mixer 910. 

The GSM and ICO transmit and receive paths, 
which correspond to the respective transmit and receive 
operations of the radio frequency circuits of Figures 9, 
may be provided with signal amplification stages and 
intermediate frequency bandpass filter stages for 
improving the respective transmit or receive signals. For 



example, the received GSM signal in Figure 9 may be 
amplified after passing through the GSM bandpass filter 
902 prior to supplying the mixing unit 901 . Similarly, the 
transmit GSM signal may be amplified after the mixing 
s unit 913 prior to being transmitted by the terrestrial 
antenna 306b. Also, the received ICO signal in Figure 9 
may be amplified after passing through the ICO band- 
pass filter 915 prior to supplying the mixing unit 916. 
Similarly the transmit ICO signal may be amplified after 
io the mixing unit 91 7 prior to being transmitted by the sat- 
ellite antenna 307b. 

Intermediate frequency bandpass filters may be 
provided at the 71 MHz and 13 MHz intermediate fre- 
quency stages during reception and at the 116 MHz 
is intermediate frequency stage during transmission to 
provide added selectivity and to reject interference from 
adjacent channels. These intermediate frequency 
bandpass filters may have a bandwidth of 200 KHz, 
equal to the channel bandwidth in the GSM system. In 
20 this way the intermediate frequency bandpass filters 
can provide the single channel selectivity for the GSM 
signals having a channel bandwidth of 200 KHz and still 
permit the passage of ICO signals having a channel 
bandwidth of 25 KHz. The operation of the intermediate 
25 frequency bandpass filters is illustrated schematically in 
Figure 10. The dotted line shows the bandpass filter 
centred on the intermediate frequency F and having a 
total bandwidth of 200 KHz. The intermediate frequency 
bandpass filter allows the progress of satellite channels 
so having an offset from F of up to +A 75 KHz. As such, the 
13, 71, and 116 MHz intermediate frequency satellite 
signals, presented in Figures 13 and 14, each have suf- 
ficiently small offsets to enable them to progress 
through the respective 200 KHz intermediate bandpass 
35 filters. 

It should be understood that the foregoing descrip- 
tion is only illustrative of the invention. Various alterna- 
tives and modifications can be devised by those skilled 
in the art without departing from the invention. Accord- 
40 ingly, the present invention is intended to embrace all 
such alternatives, modifications and variances which fall 
within the scope of the appended claims. For example, 
the satellite systems, ICO and IRIDIUM referred to in 
the specific embodiments may alternatively be other 
45 types of satellite system such as ODYSSEY or GLO- 
BALSTAR. Equally, the GSM terrestrial system referred 
to in the specific embodiment may be another type of 
terrestrial system such as DECT or DCS 1800. 

The present invention includes any novel feature or 
so combination of features disclosed herein either explicitly 
or any generalisation thereof irrespective of whether or 
not it relates to the claimed invention or mitigates any or 
all of the problems addressed. 

ss Claims 

1 . A radio frequency receiver operable in a first mode 
and a second mode, the first mode being a terres- 



12 



3ID: <EP 



.0851 598A2J_> 



23 



EP0851 598 A2 



24 



trial mode in which the receiver operates in a terres- 
trial network, the second mode being a satellite 
mode in which the receiver operates in a satellite 
network, the radio frequency receiver comprising: 

5 

a first front-end RF stage for receiving a terres- 
trial signal of the terrestrial network and provid- 
ing a first output signal characteristic of the 
terrestrial signal, 

10 

a second front-end RF stage for receiving a 
satellite signal of the satellite network and pro- 
viding a second output signal characteristic of 
the satellite signal, and 

15 

a common RF stage including an input for 
receiving either the first output signal or the 
second output signal and including mixing cir- 
cuitry for frequency down-converting the first 
and second output signal to enable subsequent 20 
decoding. 



2. A radio frequency receiver as claimed in claim 1, 
wherein the first output signal is at a lower fre- 
quency than the frequency of the terrestrial signal. 25 

3. A radio frequency receiver as claimed in claim 1 or 
claim 2, wherein the first front-end RF stage com- 
prises mixing circuitry. 

30 

4. A radio frequency receiver as claimed in claim 1, 
wherein the first output signal is at substantially the 
same frequency as the frequency of the terrestrial 
signal. 

35 

5. A radio frequency receiver as claimed in any pre- 
ceding claim, wherein the first output signal and the 
second output signal are at substantially the same 
frequency. 

40 

6. A radio frequency receiver as claimed in any pre- 
ceding claim, wherein the second output signal is at 
a lower frequency than the frequency of the satellite 
signal. 

45 

7. A radio frequency receiver as claimed in any pre- 
ceding claim, wherein the second front-end RF 
stage comprises mixing circuitry. 

8. A radio frequency receiver as claimed in any pre- so 
ceding claim, wherein the first front-end, the second 
front-end, and the common RF stages include filter- 
ing means and amplifying means. 

9. A radio frequency receiver as claimed in any pre- 55 
ceding claim, wherein the mixing circuitry of the 
common RF stage frequency down-converts the 
first or second output signal via an intermediate fre- 



quency. 

10. A radio frequency receiver as claimed in any pre- 
ceding claim, wherein the common RF stage 
includes switching means for selecting the first out- 
put signal in the terrestrial mode or for selecting the 
second output signal in the satellite mode. 

11. A radio frequency receiver as claimed in any pre- 
ceding claim, wherein the mixing circuitry of the 
common RF stage provides the frequency down- 
converted first or second output signal to base band 
circuitry which performs the subsequent decoding. 

12. A radio frequency transmitter operable in a first 
mode and a second mode, the first mode being a 
terrestrial mode in which the transmitter operates in 
a terrestrial network, the second mode being a sat- 
ellite mode in which the transmitter operates in a 
satellite network, the radio frequency transmitter 
comprising: 

a common RF stage including mixing circuitry 
for frequency up-converting a modulation sig- 
nal to an intermediate signal, and first and sec- 
ond outputs for providing the intermediate 
signal to a subsequent RF stage, 

a first terminal RF stage for receiving the inter- 
mediate signal from the first output and trans- 
mitting a terrestrial signal characteristic of the 
intermediate signal for reception by the terres- 
trial network, and 

a second terminal RF stage for receiving the 
intermediate signal from the second output and 
transmitting a satellite signal characteristic of 
the intermediate signal for reception by the sat- 
ellite network. 

13. A radio frequency transmitter as claimed in claim 
12, wherein the terrestrial signal is at a higher fre- 
quency than the frequency of the intermediate sig- 
nal. 

1 4. A radio frequency transmitter as claimed in claim 1 2 
or claim 13, wherein the first terminal RF stage 
comprises mixing circuitry. 

15. A radio frequency transmitter as claimed in daim 
12, wherein the terrestrial signal is at substantially 
the same frequency as the frequency of the inter- 
mediate signal. 

1 6. A radio frequency transmitter as claimed in any one 
of claims 12 to 15, wherein the satellite signal is at 
a higher frequency than the frequency of the inter- 
mediate signal. 
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1 7. A radio frequency transmitter as claimed in any one 
of claims 12 to 16, wherein the second terminal RF 
stage comprises mixing circuitry. 

1 8. A radio frequency transmitter as claimed in any one s 
of claims 12 to 17, wherein the first terminal, the 
second terminal, and the common RF stages 
include filtering means and amplifying means. 

1 9. A radio frequency transmitter as claimed in any one 
of claims 12 to 18, wherein the common RF stage 
includes switching means for providing the fre- 
quency up-converted intermediate signal via the 
first output in the terrestrial mode or via the second 
output in the satellite mode. 



10 



20. A radio frequency transmitter as claimed in any one 
of claims 12 to 19, wherein the common RF stage 
receives the modulation signal from base band cir- 
cuitry. 

21 . A radio frequency transceiver comprising a receiver 
as claimed in any one of daims 1 to 1 1 , and a trans- 
mitter as claimed in any one of claims 12 to 20. 

22. A radio telephone comprising an apparatus as 
claimed in any preceding claim. 
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Fig. 12. 
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